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Chapter 1: Introduction

1.1 General

The purpose of conducting operational studies was to evaluate the potential benefits of the In-
Delta Storage Project in terms of ecosystem enhancement of the Bay-Delta estuary and
improvement in the supply and reliability of water supply systems for the State and Central
Valley users. Addition of the In-Delta Storage Project to the Central Valley Project (CVP) and
State Water Project (SWP) systems could have beneficia or adverse impacts to the existing
water supply systems and Delta ecosystems. With that said, evaluations of potential benefits and
impacts of the planned reservoirs are important to highlight the rational of the planned project
and justifications for its construction costs. As the project is supposed to meet water quality
requirements under the urban intakes drinking water quality standards, an acceptable In-Delta
Storage operation is necessary to resolve water quality issues.

This report presents information on operational studies conducted to determine the project yield
while meeting requirements under SWRCB D1641 May 1995 Water Quality Control Plan
(WQCP), Water Right Decision 1641, Water Right Decision 1643, CUWA Water Quality
Management Plan (WQMP) and biological opinions. California Simulation Model 11 (CALSIM)
and the Delta Simulation Model (DSM2) were used to simulate reservoir operations and water
quality.

1.2 Project Background

The proposed In-Delta Storage
Project (Figure 1.1) consists of
creating two reservoir islands . 1.
(Webb tract and Bacon Island) and
two habitat islands (Holland Tract
and Bouldin Island) all located in 1
the Sacramento-San Joaquin River ' T *
Delta. The In-Delta Storage i :
Project envisions the diversion of ‘i,
water onto the reservoirs during
the winter season, when there is
plenty of water in the Delta. The
stored water will be released back
into the system during the spring ®  integrated Facilty =

and summer when demand is high — ::j's‘::n ) _ =
and supply islow. '

i}

gl
-

Figure 1.1: In-Delta Storage Project Islands and I ntegrated Facility L ocations
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Maximum Diversions and releases
from outlet structures are shown in
Figures 1.2 and 1.3. The exchange
of water to and from the reservoirs
will be made through four Integrated
Facilities (two structures on each of
the storage islands). The combined
storage capacity of the reservoirsis .
217 TAF and the maximum .
permitted diversion rate onto the
reservoir islands and habitat islands
159,000 cubic feet per second (cfs).
The maximum allowable release
rate is not mentioned in the water
rights permit; however, the
integrated facilities design allows a
total release rate of 9,000 cfsfrom

Diversions (all islands combined):
Total max day

Total average month
* Habitat Island diversions included
Releases (all islands combined):
Total max day

s

9,000 cfs*
4,000 cfs*

9,000 cfs

San Joaquin River =

Integrated Facility ol in

Max Diversion: 2,250 cfs
Max Release: 2,250 cfs

(RESERVOIR)

False River
Integrated Facility
Max Diversion: 2,250 cfs

Max Release: 2,250 cfs ®

both reservoir islands.

Figure 1.2: Webb Tract Storage and I ntegrated Facilities

Some of the main benefits of the In-Delta Storage Project are as follows:
Provide water to meet Delta Standards and supplement flows released by SWP and CVP to
meet such standards. The project is strategically situated to manage Delta conditions and

In-Delta Storage Program State Feasibility Study

respond over shorter time spans.
Create additional benefits for
environmental purposes (EWA,
CVPIA, ERP). It would not create any
new water for EWA but would add
flexibility to the system for times when
EWA can restrict exports and then
make up for export reductions by using
the stored water in the Delta. The
project could improve flow releases
and export timing to benefit Delta
fisheries and improve water quality for
fishin the Delta.

Increase reliability and flexibility
through additional water supply and
increase in upstream carryover. The
additional water supply should result
from capturing surplus flows in the
Delta. Also water stored during excess
periods when released for Delta
requirements, may result in savings for
projects and can end up as additional
carryover in SWP and CVP reservoirs.

Total Project Diversions and Releases
Diversions (all islands combined):
Total max day 9,000 cfs*
Total average month 4,000 cfs*
* Habitat Island diversions included
Releases (all islands combined):

Total max day 9,000 cfs

(RESERVOIR)

Santa Fe Cut
Integrated Facility

Max Diversion: 2,250 cfs
Max Release: 2,250 cfs

Middle River

Integrated Facility
~7Max Diversion: 2,250 cfs

Max Release: 2,250 cfs

Figure 1.3: Bacon Island Storage and I ntegrated Facilities
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e Provide storage and water marketing for sale, exchange, lease or transfer of water from one
user to another.

1.3 Operational Concept

In-Delta Storage reservoirs will be operated as a component of the SWP and CVP systems
(Public Ownership). Thus, in addition to Water Right Decision 1643 and the CUWA Water
Quality Management Plan, the operation rules will be based on the water quality constraints set
forth by the SWRCB May 1995 WQCP, Water Right Decision 1641, biological opinions, and
other existing flow and water quality standards of the Delta.

Operational studies were conducted with the California Simulation Model 11 (CALSIM [1) and
the Delta Simulation Model (DSM2). As standards in the Delta are daily standards, daily
versions of these models were used. A number of operational scenarios were designed to
evaluate the impacts of the planned project into several aspects of the Delta systems. Each
scenario differsin terms of operational constraints, regulatory standards, and water demand.
Operational studies modeled with CALSIM simulate the 73-year period from WY 1922 through
WY 1994, whereas operational studies modeled with DSM2 simulate the 16-year period from
WY 1974 through WY 1991. The operational studies assume a 2020 level of development and
hydrology. Project yield from each operational scenario is compared to the yield from a No-
Action Base study, which represents the existing system configuration under 2020 level of
development and hydrology. Additional information on operating criteria and use of modelsis
presented in Chapters 2 and 3.

14 Key Findings and Recommendations

Based upon the CALSIM operational studies, the In-Delta Storage reservoirs will have the
following beneficial impacts in the Delta and system-wide benefits for the SWP and CVP.

e Dueto strategic location, the operation of the island reservoirs would contribute to
operational flexibility of the SWP and CVP systems. In-Delta Storage reservoirs would
provide new additional supplies for SWP and CV P users, Environmental Water Account
flexibility, and flows for the Ecosystem Restoration Program. It would also create additional
carryover storage in upstream CVP and SWP reservoirs.

e Coordinated operation of CVP and SWP would help meet the ecosystem needs of the Delta.
Future operations can be refined in consultations with regulatory agencies for improvements
in habitat quality and availability for fish and other aguatic organisms inhabiting the Bay-
Delta system. The timing of environmental water allocations would be flexible depending on
the specific environmental benefit to be achieved (e.g. protection of spring-run chinook
salmon and delta smelt).

e Dueto the possibility of carryover storage in the upstream SWP and CVP reservoirs as a
result of storing water in the Delta, CALFED’ s ERP and storage programs should work
closely with regulatory agencies to maximize the program benefits and assure compliance of
the Endangered Species Act.

_————-------——mem—m]lT 3
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e EWA could realize benefits by IDS releases that are dedicated to make up for export
curtailments taken to protect fisheries.

e Dueto strategic location of the In-Delta Storage reservoirs, immediate actions can be taken
for salinity control. The reservoirs have afavorable impact to the location of the X2 linein
the Delta.

e DOC water quality problems can be diluted, with minor impacts to water supplies, using
circulation operations.

e A coordinated operational study with In-Delta Storage and L os Vaqueros Reservoir
Expansion indicates both projects can share Delta surplus flows. Further studies should be
conducted to refine the extent of project benefits.

e Comparative information on the other three storage programs (Shasta Enlargement, Sites
Reservoir and Storage in the San Joaguin River Basin) could not be completed in this
feasibility study as these projects are at different levels of evaluation.

e — 4
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Chapter 2: Operational Criteria
2.1 I ntroduction

This chapter summarizes the level of development used for the feasibility study evaluations, as
well as the operational rules that must be met in order to operate existing and planned projectsin
the Sacramento-San Joaguin Delta.

2.2 L evel of Development

At the start of the feasibility study, evaluations were planned to be based on a 2030 level of
development and hydrology. However, 2030 level hydrology is currently being developed under
the Common Assumptions multi-agency task that may be completed during the next year. The
State Feasibility Study evaluations, therefore, assume a 2020 level of development for the No-
Action Base and “with project” conditions. Although aland use change is expected from the
present to the 2020 level planning horizon, hydrological studiesindicate that future 2020 level
hydrology based water supply may not show appreciable change.

With the projected increase in population, water demands are expected to change. The projected
demand for the State Water Project varies between 3.4 MAF and 4.2 MAF per year and the
maximum interruptible demand is 134 TAF per month. The projected Central Valley Project
demand is 3.5 MAF per year, which includes the annual Level 11 Refuge demand of 288 TAF.
The Cross Valley Canal demand is 128 TAF per year. Trinity River Minimum Fish flows below
Lewiston Dam are maintained at 369 TAF per year.

Currently, the SWP and CVP systems are being operated according to the 1995 Water Quality
Control Plan (SWRCB Water Right Decision 1641). The existing system represents the 2001
level of hydrology, water demands, facilities, D1641 regulatory standards and COA operations.

2.3 Operational Criteriafor the No-Action Base Alternative

Modeling applications developed under the Common Assumptions interagency effort, which
represent common base operational criteriafor al five surface storage projects, are to be used for
the In-Delta Storage Project evaluations. Details of the No-Action Base alternative assumptions
are given at the end of this chapter in Table 2.1. A summary of the criteria applied to the No-
Action Base dternative is discussed below.

2.3.1 Water Quality Control Plan (D1641) Requirements

The diversion flow and water quality criteria set forth by the 1995 Water Quality Control Plan
(1995 WQCP), D1641, are shown in Figure 3.1. The Water Quality Control Plan (D1641) sets
operational rulesto meet flow standards and water quality standards in the Delta. Key provisions
of the 1995 WQCP are as follows.

e Under flow standards, the plan specifies the upper limits on exports amounts.

e — 5
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e |t aso specifies the minimum flow requirements for water quality objectives for
agriculture, municipal, industrial, and fish and wildlife at key locationsin the Delta and
the operation schedules of the Delta Cross Channel.

e Thewater quality standards deal with water quality issues at export locations, interior of
the Delta and the western Delta. It also specifies the limits of water quality for salinity at
San Joaquin River and Suisun Marsh.

e For the upstream reservoir operations, CVPIA in-stream flow operations are represented
by the modeling criteriafor the Department of the Interior’s Final Administrative
Proposal on the Management of Section 3406(b)(2) Water, November 1997.

The diversion flow and water quality criteria set forth by the D1641 are summarized below and
inFigure 2.1.

e The maximum 3-day running average combined export (which includes Tracy Pumping
Plant and Clifton Court Forebay less Byron Bethany pumping) for the period of April 15
through May 15 should be greater of 1,500 cfs or 100% of 3-day average of Vernalis
flow. Thistime period may need adjustments to coincide with fish migration and the
maximum export rate and may be varied by CALFED opinion group.

e For the months of March through June, the maximum Export/Inflow ratio should be equal
or lessthan 0.35. For rest of the months it should be less than 0.65. The definition of
export and inflow are given in the footnote of Table 2.2.

e From July through January, the minimum Delta outflow should be between 3,000-8,000
cfs. Asexplained in Table 2.2, this quantity changes depending upon the type of year.

e From February through June, daily average flow amounting from 7,100 cfs to 29,200 cfs
should be allowed as the habitat protection outflow.

e Minimum monthly average flow for September through December at Rio Vista should be
kept between 3,000 to 4,500 cfs. For this period, the 7-day running average flow shall not
be less than 1,000 cfs below the monthly target value.

e Depending upon the type of year, minimum average flow at Vernalis for the period of
February through 15 of April should not be less than 710- 3,420 cfs.

e The Delta Cross Channel should remain closed from November through 15 July.

o Atall export locations, the Chlorides (CL) concentration should be less than 250 mg/I for
all months of the year.

e Theyear round mean daily Chlorides (CL) concentration at Contra Costa Canal intake
must less than 150 mg/I.

e From the agricultural considerations and for the Western and Interior Delta, the 14 day
running average EC between April and 15 of August should be less than 0.45 mS. For the
South Delta, April through August 30-day moving average EC should be less than 0.7mS.
For the rest of the months, it should be less than 1.0mS.

e The 14-day moving average EC at San Joaquin River salinity between Jersey Point and
Pioneers Point for April and May should be below 0.14 mS. Recommended salinity
requirements at Suisan Marsh area are summarized in Figure 2.1.
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Figure 2.1: Water Quality Control Plan (D1641) Requirements
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232 CVP/SWP Coordinated Operations Agreement (COA)

Under the Coordinated Operations Agreement (COA), the CVP and SWP are required to assure
that each project obtains its share of water from the Delta and bears its share of obligations to
protect other beneficial usesin the Delta and the Sacramento Valley. The Projects share water
based on agreed upon percentages during balanced or excess flow conditions in the Delta. Banks
Pumping Plant wheels water for the CVP when there is excess capacity at Banks Pumping Plant.
The In-Delta Storage Project can assist in storing storage withdrawals of CVP water for wheeling
by Banks Pumping Plant into CVP San Luis Reservoir. COA can also help in transferring EWA
water. EWA water temporarily stored in In-Delta Storage reservoirs will be transferred by Banks
Pumping Plant to the EWA storage account in San Luis Reservoir. In al, the coordinated
operation of CVP and SWP facilities would significantly increase the use of stored water.

2.3.3 Joint Points of Diversion

Coordinated CVP/SWP operations include “joint points of diversion and use” to allow water
pumped by either project to be used by both users. Before facilities are shared under the Joint
Points of Diversion agreement, the project sharing its facilities must first meet its own project
obligations.

2.4 Operational Criteriafor the In-Delta Storage Project

The In-Delta Storage Project is considered to be a component of the SWP and CVP system for
the purpose of these analyses. In addition to D1641, COA operations, and Joint Points of
Diversion, criteriafor In-Delta Storage Project operations include SWRCB Water Right Decision
1643 needs/requirements (including biological opinions and CUWA Water Quality Management
Plan requirements).

241 SWRCB Water Right Decision 1643 Requirements

The SWRCB Decision 1643 conditionally approved the Delta Wetlands Properties water right
application to appropriate water by direct diversion and storage on Webb Tract and on Bacon
Island. A detailed set of constraints that the project must satisfy is given in the DWR Draft
Report on Operations, December 2003. Other storage projects being studied for the Bay-Delta
Program have not yet progressed far enough in the process to have their own assigned
operational requirements similar to D1643 for In-Delta Storage. The operation criteria of the In-
Delta Storage Project, which is considered as ajoint State and federal project, may change and
final requirements would be established through SWRCB review of the DW Permit after the
subsequent EIR/EIS process is complete. The DW permit requirements are shown in Figure 3.2
and the main provisions are summarized as follows.

e Allowable diversion to storage could only occur when all Delta outflow requirements are
met.

e Initial diversionsto the DW Project shall not be made for the current water year
(commencing October 1) until salinity (X2) has been west of Chipps Island (75 km
upstream of the Golden Gate Bridge) for a period of ten (10) consecutive days. There are
additional restrictions on diversions during other times of the year based on X2 position.
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e Maximum rate of diversion onto either Webb Tract or Bacon Island would be 4,500 cfs
(9 taf/day). The combined maximum daily average rate of diversion for all islands
(including diversions to habitat islands) will not exceed 9,000 cfs.

e Thetotal amount of water taken from all sources shall not exceed 822 taf per water year
(October 1 to September 30). Also, maximum annual release of stored water would be
822 taf.

e Theamount of water that can be diverted depends on fisheries restrictions as well as
WQMP surplus and Delta Outflow constraints.

e Maximum Annual export of stored water would be 250 taf. No releases shall be made for
export from Webb Tract from January through June.

e DW Project releases are subject to monthly Export/Inflow ratio constraints except when
water is discharged for the environmental water account.

242 CVPIA

In-Delta Storage could provide water in addition to Level 2 refuge supply to meet Level 4 refuge
demand and thus releases could be made to benefit CVPIA. It would protect, restore, and
enhance fish, wildlife, and associated habitats in the Central Valley with additional water supply
for refuges. This CVPIA use could also be considered as system-wide use and could assist in
meeting the following CVPIA objectives:

e improve the operational flexibility of the CVP; and

e achieve areasonable balance among competing demands for use of CVP water, including
the requirements of fish and wildlife, agriculture, municipal and industrial, and power
contractors.

24.3 Groundwater and Surface Water Conjunctive Use

The In-Delta Storage Project could provide additional water for recharge to help control
groundwater overdraft south of the Delta. and also improve water supply reliability by in-lieu
transfers of water for the other state-wide urban and agricultural users. Further details of
conjunctive use operations are given in December 2003 Draft Report on Operations.

In-Delta Storage Program State Feasibility Study Draft Report on Operations
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[23]

[24]

[25]

Maximum rate of diversion onto either Webb Tract or Bacon Island would be 4,500 cfs. The combined maximum daily average rate of diversion for all islands (including 200 cfs
diversions to each of the habitat islands) will not exceed 9,000 cfs.

Water will be diverted onto Bacon Island and Webb Tract from June through October in order to offset actual reservoir losses of water stored on those islands, referred to as
topping-off reservoirs. The maximum topping-off diversion rates shall be reduced by an amount equal to the habitat island diversions during the same period.

Discharges will be pumped at a combined maximum daily average rate of 6,000 cfs (4,000 cfs from Bacon Island and 2,000 cfs from Webb Tract). Discharge is subjected to export
limits, treated as an export in the monthly E/I ratio computation except when water is discharged for environmental water account.

A quantity of "environmental water" will be provided for release as additional Delta outflow equal to 10% of all discharges for export that occur in the period of December thru June

Figure 2.2: D1643 Constraintsin the Delta Wetlands Properties Per mit

In-Delta Storage Program State Feasibility Study
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Chapter 3: Modeling Approach

31 CALSIM and DSM 2 Planning M odels

Cdlifornia Simulation Model (CALSIM) is ageneralized water resource planning tool developed
jointly by the Department of Water Resources (DWR) and the U.S. Bureau of Reclamation Mid-
Pacific Region (Reclamation). CALSIM |1 isthe application of the CALSIM software to model
the State Water Project (SWP), the federal Central Valley Project (CVP) and areas tributary to
the Sacramento-San Joaguin Delta (Delta). The primary purpose of the CALSIM Il model isto
evaluate the performance of the CVP and SWP systems, 1) at current or future levels of
development, 2) with and without various assumed future facilities and, 3) with different modes
of facilities operations. Comparative analysis of model results can be used to assess the water
supply impacts of any proposed expansion of project facilities, changes in regulatory
requirements, changes in operating criteria, or many other “what-if” scenarios.

The Delta Simulation Model-2 (DSM?2) is a hydrodynamic and water quality model that
simulates the flow patterns, and water quality (salinity and/or other constituents) in the Delta
region. Thusthe CALSIM Il and DSM2 models jointly allow the planners to examine the flow,
stage and water quality conditions of the Delta with and without proposed facilities.

32  Monthly CALSIM Model

CALSIM Il simulates operation of the SWP/CV P system for a 73-year period, from WY 1922
through WY 1994, using a monthly time-step. The model assumes that facilities, land use, water
supply contracts and regulatory requirements are constant over this period, representing afixed
level of development (e.g. 2001, 2020 or 2030). The historical flow record October 1921 —
September 1994, adjusted for the influence of land use change and upstream flow regulation, is
used to represent the possible range of water supply conditions.

A SWP and CVP, and south of Deltadelivery logic uses runoff forecast information and
uncertainty. Similarly, delivery versus carryover risk curve and standardized rules (Water Supply
Index versus Demand Index Curve) are used to estimate the total water available for delivery and
carryover storage. The logic updates delivery levels on monthly scales, from January 1 through
May 1, as water supply parameters become more certain.

To estimate the DSM2 model generated salinity at key locations in the Delta, an algorithm that
trains its parameter using Artificial Neural Network (ANN) routine, has been used. The ANN
flow-salinity module predicts electrical conductivity at Old River at Rock Slough, San Joaquin
River at Jersey Point, and Sacramento River at Emmaton. Salinity is estimated based upon time
history the Sacramento River inflow, San Joaquin River inflow, DCC gate position, and several
Delta export and diversion variables. The Sacramento River inflow term combines the flows
from Sacramento River at Freeport, Y olo Bypass, Mokelumne, Cosumnes, and Calaveras Rivers.
DCC gate position is assumed to be fully open or closed. Delta exports and diversionsinclude
SWP exports at Banks Pumping Plant and North Bay Aqueduct, CVP exports a Tracy, Contra
Costa Water District diversions, and net channel depletions. A total of 148 days of values of each

In-Delta Storage Program State Feasibility Study Draft Report on Operations



of these parameters are included in the correlation, representing an estimate of the length of
water quality “memory” in the Delta.

For amore detailed description of CALSIM Il modeling assumptions and procedures the reader
isreferred to the CALSIM |1 Benchmark Studies report, dated September 30, 2002, and the
Historical Simulation Report, dated November 12, 2003. Both reports are available from the
DWR modeling home page (http://modeling.water.ca.gov).

3.21 Limitationsof Monthly CALSIM Mode

All models have limitations. CALSIM 11 is primarily a mass balance accounting model.

Results are dependent upon the quality of the inflow hydrology and the estimated demands.
Results also depend on the model operational logic and assigned priorities. Operational decisions
must be formalized into mathematical algorithms even when they arein reality subjectivein
nature. Other limitations are imposed by the spatial and temporal resolution of the model.

In the monthly CALSIM model many large areas are aggregated to ssmplify the model operation.
This aggregation is generally considered satisfactory for large projects. However, when
evaluating the yields from smaller projects, increases in the level of detail of hydrologic inputs
may be required. Aggregation in time and space omits several details of the projects, such asthe
quick response provided by the In-Delta Storage facilities to the operations of the CVP and SWP.
Thus, projects benefits could be under/over estimated.

3.3 Daily CALSIM Model Development

The In-Delta Storage facilities are located close to the CVP and SWP export facilities and other
key locationsin the Delta and can respond quickly to the Project’s needs. To account for this
quick response time, the In-Delta Storage facilities operations (diversions and release rules)
required a model that runs on a daily time-step. Thus, adaily time-step Delta Model was created
for conducting In-Delta Storage Project studies. This model was used in conjunction with the
CALSIM Il monthly model. The entire system’ s operation was simulated for a one month period
with the CALSIM monthly model and then the information on inflows to the Delta and south-of -
Delta delivery amounts were passed on to the Daily DeltaModel. The Daily Delta Model was
used to re-simulate the operations in the Delta and the export facilities.

The monthly CALSIM 11 model provides monthly flows for various Deltalocations. However,
the daily model requires daily flow data asits input. Thus, a disaggregating model, which was
trained using historical observations, was used to generate the daily flows from the monthly
flows. While the daily inflow hydrograph was patterned after the historically recorded inflow,
the total volume of the inflow to the Delta provided by the monthly model was preserved.

The results of the Daily DeltaModel are provided to the monthly model asthe initial conditions
for the following month’s simulation. The operation of the upstream reservoirsis re-simulated,
and any gains or losses of water are reflected in Delta outflow and storage at San Luis Reservoir.
The next month’s simulation is then started with the modified end-of-month storage in San Luis
Reservoir and the state of the Delta as simulated by the Daily Delta Model.

— 1
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The determination of the allowable exports as a function of the salinity standards at various
locations in the Deltais accomplished by providing the daily model with the monthly model’s
ANN estimation of the cap on total exportsimposed by the controlling salinity station. This cap
on the total exportsis observed every day in the current month’s ssmulation by the daily model
and the project exports never exceed this maximum allowabl e rate.

In-Delta Storage Project yield is maximized by adding the storage in the In-Delta Storage
facilities to the SWP portion of San Luis Reservoir by as much vacant space asisavailablein
SWP San Luis Reservoir before making a computation of the Water Supply Index (WSI). The
remaining portion of the storage in the In-Delta Facilities (after subtraction of the vacant spacein
SWP San Luis Reservoir) is added directly to the SWP delivery target.

To achieve the most efficient operation of the two water supply storage facilities in the with-
project simulation run, the priority of filling is given to Bacon Island. This is done because an
extended period of alowable discharge from Bacon Island allows for potential withdrawal and
subsequent filling in the same year more readily, whereas the limited allowable period for
discharge from Webb Tract makes multiple fillings in the same year practically impossible. The
priority of filling in Bacon Island is achieved by assigning a higher reward for diverting the
available water into the conservation storage of Bacon Island as compared to that of Webb Tract.

34 Reiterationswith DSM 2 M od€l

CALSIM provides an optimal set of operational decisions for a given time period under the
given set of constraints. Using the CALSIM run as input, a base DSM2 run is made to check for
water quality violations, particularly DOC at key locations in the Delta. The DOC from the
DSM2 isanayzed and a DOC dispersion mechanism is developed for island discharges using the
Particle Tracking Model. This new algorithm isimplemented in CALSIM to get amore realistic
model to assess the impacts of DOC constraints in the urban intakes. With the new inputs, a
CALSIM run is made and the results are analyzed by DSM2. The iterations continue until the
DSM2 model shows no violationsin the DOC water quality at key export locations.

35 Interfacewith DYRESM M odé€

The numerical model, DY RESM-WQ (Dynamic Reservoir Model — Water Quality) isaone
dimensional model that predicts temperature, salinity, and water quality in areservoir by
integrating a process based physical model with abiochemical model. DY RESM-WQ uses
diversion and release information from CALSIM as input.

The DYRSEM-WQ model is used to study the stratification of the reservoir and to predict the
temperature differentials between the reservoir islands and the receiving channels. The model is
also used to determine the changes in channel water temperature for the CALSIM and DSM2
model operation scenarios. Calibration and validation of the DY RSEM were not possible
because of the project island reservoir does not exist. Thus, calibration of the model was planned
using an analogous reservoir system. Wind speed measured in the Deltais used as model input,
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and sengitivity analyses are conducted by evaluating the impacts of the lower wind speeds. In the
present study, the DY RSEM-WQ model is run for three representative years.

3.6 I nterface with Economic Models

Economic models will be used to evaluate the economic justifications for the proposed In-Delta
Storage Project. Additionally, a project area economic impact analysis will be made to disclose
the potentia for both positive and negative impacts to the economy of the local area. While the
former analysisistraditionally done using only direct costs and benefits, the latter considers
indirect and induced local economic effects—the “ripple” effects.

The delivery information from the CALSIM model and stage and flow information from DSM2
model will be used as input in the economic models. The operation rules could be used to
estimate the project costs that include the following items.

e Levee maintenance

¢ Intake and Outlet structures maintenance including pumping stations, gate units, and fish
screens for both, reservoir and habitat islands.

Pumping energy costs

Seepage control systems maintenance and monitoring

Water quality monitoring, and

Environmental monitoring including wildlife and habitat monitoring.

The model output could be used to calculate the project benefits that include the following.

e Additional SWP/CVP system exports for urban and agricultural uses

Delta Ecosystem needs including Delta WQCP requirements, fisheries and aquatic habitat
needs and water quality flow requirements

Contribution to meet CVPIA requirements including South of Delta Refuges

Additional Joint Point Diversion Benefits

Environmental Water Account

Banking for Water Transfers and carryover storage.

Recreational Benefits

In-Delta Storage Program State Feasibility Study Draft Report on Operations



Chapter 4: Operational Scenarios

4.1 I ntroduction

The operational scenarios developed for this feasibility study are samples of how the In-Delta
Storage Project could be operated; however, many operational scenarios are possible. The
sample operational scenarios completed for this study were designed to meet arange of
objectives, including water supply reliability improvement, EWA goals and environmental

enhancement.

To begin with, aNo-Action
Base study (Study 1) was
developed and three sample
operational scenarios (Studies
2, 3 and 4) were developed,
which include the In-Delta
Storage Project facilities with
varying operations, such as
the inclusion of EWA and
ERP.

Once the three sample
operational scenarioswere
completed and evaluated, six
subsequent impact evaluation
studies were developed. All
six impact evaluation studies
are based on Study 4, asthis
scenario included all three
evaluations (water supply,
EWA and ERP). These
studies were designed to
analyze the impacts of
applying DOC constraints,
dilution of DOC through
circulation, fisheries extreme
conditions, climate change,
coordinated operation with
expanded Los Vaqueros
Reservoir, and SWRCB
D1643. A list of the
operational scenarios analyzed
in thisreport is shown in
Table 4.1. Detailed
assumptions for the future

In-Delta Storage Program State Feasibility Study

Table 4.1: Operational Scenarios

No-Action Base and Sample Operational Scenarios*

Study 1: No-Action Base
(Future without project under D1641)

Study 2: Water Supply
(Project with D1641 & D1643)

Study 3: Water Supply / EWA
(Project with D1641 / D1643 and EWA)

Study 4: Water Supply / EWA / ERP
(Project with D1641 / D1643 / EWA and ERP)

Impact Evaluation Studies?

Study 4a: Initial Project Conditions w/ DOC Constraints
Applied
(Study 4 with DOC Constraints)

Study 4b: DOC Dilution through Circulation
(Study 4 with DOC Constraints and Circulation)

Study 4c: Fish and Aquatic Habitat Protections during
Drought and Extreme Conditions
(Study 4 with FMWT<239)

Study 4d: Climate Change Impact
(Study 4 with updated hydrology)

Study 4e: Coordination with Los Vaqueros Expanded
Reservoir
(Study 4 with LV Operation)

Study 4f: Impact of D1643 on In-Delta Storage Operations
(Study 4 without D1643)

1 DOC constraints are not applied to these studies
2 Study 4b included two runs (200 cfs and 400 cfs max circulation)

* All studies coordinate operations of In-Delta Storage
with SWP/CV P operations
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No-Action Base study and “with project” sample operational scenarios are summarized in
Appendix B, Table B.1. Appendix A provides alist of study detailsfor al operational scenarios.
Summary level results for all operationa studies are presented along with the study descriptions
below, and more detailed analyses are presented in Chapter 5.

4.2 Base Operational Scenario

4.2.1 Study 1. No-Action Base

The No-Action Base, Study 1, represents the existing SWP and CV P systems, without the In-
Delta Storage facilities in place, for the 2020 level of development and hydrology. This scenario
provides a basis for comparing project performance of other “with project” scenarios. Operating
rules specified in the D1641 benchmark study, with changes related to the Revised Fish
Alternative are used in the No-Action Base study. The Revised Fish Alternativeis being
considered as the preferred baseline in the South Delta Improvements Program EIR. The Revised
Fish Alternative makes two modifications to the D1641 benchmark study. The first modification
includes arevision to the Banks Pumping Plant permitted capacity (8,500 cfs Oct-Mar 15, 6,680
cfsMar 15-Jun 30, 8,000 cfs Jul, Aug & Sept) for export operations. The second modification
considers and ajoint point of diversion for wheeling of CVP water through Banks Pumping
Plant. This study also includes coordinated SWP/CV P operations under COA.

To evaluate the benefits of In-Delta Storage in the CVP and SWP systems, the “with project”
operational scenarios were compared with the No-Action Base conditions, so the benefits
computed for all “with project” scenarios are relative to the No-Action Base. Results of the No-
Action Base study for the 73-year period are given in Table 4.1.

4.3 Sample Operational Scenarios

As mentioned above, three sample operational scenarios (Studies 2, 3 and 4) were developed to
meet arange of objectives, including water supply reliability improvement, water quality
improvement and environmental enhancement. Studies 2, 3 and 4 include In-Delta Storage
Project facilities with varying operations. All three operational scenarios include the following:

e Coordinated operations of the In-Delta Storage Project with CVP/SWP operations under
SWRCB May 1995 WQCP, Water Right Decision 1641, Water Right Decision 1643,
CUWA Water Quality Management Plan (with the exception of Organic Carbon
constraints), and Biological Opinions

e CVPIA level 4 refuge demands in addition to level 2 refuges; and
e Groundwater surface water conjunctive use

Studies 2, 3, and 4 do not include the DOC, salinity, DO and temperature constraints specified in
D1643 and the Water Quality Management Plan. However, the DOC issue is addressed in the
impact evaluation studies 4a and 4b. As no specific releases were made for improvements to
salinity, DO and temperature and emphasis of water quality studies was on meeting D1643 and
WQMP standards, DSM2 was used to evaluate if changes in these parameters were within the
specified standards. Detailed information on DSM2 applicationsis given in Chapter 4 on Water
Quality Investigations.
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The operation scenarios were evaluated and compared with the No-Action Base conditions to
assess benefits provided by the In-Delta Storage Project when operated in coordination with the
SWP/CVP system. A summary of 73-year study results, including information on diversions and
discharges from the In-Delta Storage islands, isgivenin Table 4.1.

431 Study 2: Water Supply Study

The objective of Study 2 isfor the In-Delta Storage Project to help meet the future demands of
CVP/SWP water contractors when supplies are short. The project could produce additional water
deliveries to urban and agricultural water users (modeled as SWP/CV P, but could be any urban
or agricultural water user). SWP and CVP alocated deliveries as of May 1 were given the first
priority to be met by direct supplies to SWP and CVP users as in the Base study. The additional
refuge supply and conjunctive use supply were made available only when export capacity was
available. The estimated annual water supply benefits vary from 61.3 taf during the dry period
(assumed as average of 1928-34, 76-77 and 87-92 dry periods), to 123.9 taf long-term average
(73 year average from 1922-94).

4.3.2 Study 3: Water Supply Study with EWA

The objective of Study 3 istwofold: to help meet the future demands of CVP/SWP water
contractors and to provide operational flexibility for the Environmental Water Account (EWA).
Study 3 builds upon Study 2 by adding EWA as another buyer of In-Deltawater. The EWA
gives fishery agencies and state water managers increased flexibility to alter pumping and
delivery schedules to protect fish without affecting water supply reliability.

In this study, no EWA actions (cutsin exports) are modeled. It is assumed the EWA takes fish
protection actions, and, therefore, the EWA will have demand for In-Delta water when it and
Banks export capacity are available. EWA buys the water to pay the projects back for the
assumed fish protection actions. It was assumed that any water that was not needed by SWP and
CVP as of May 1 could be purchased for EWA. EWA is given alower priority to the water than
the refuges and groundwater conjunctive use, but from July through September Banks permitted
capacity isincreased from 8000 cfs to 8500 cfs with the extra 500 cfs dedicated to moving In-
Deltawater for the EWA. This guarantees that, while low in priority, the EWA can purchase a
significant share of the unwanted In-Delta water because it can move water that the refuges and
groundwater recharge are otherwise unable to. The 500 cfsincrease in permitted capacity for
EWA useis part of the proposed Revised Fish Alternative of the South Delta | mprovement
Program.

Asshownin Table 4.1, direct SWP/CVP deliveries decrease from 124 taf to 98 taf as EWA uses
31 taf of In-Delta Storage water. Total annual supply benefit is 129 taf.
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4.3.3 Study 4: Water Supply Study with EWA and ERP

The objective of Study 4 isthreefold: to help meet the future demands of CVP/SWP water
contractors, to provide operational flexibility for the Environmental Water Account (EWA), and
to provide additional water to help meet the Ecosystem Restoration Program (ERP) goals.

An Environmental Restoration Program (ERP) demand for increased Delta outflow in March,
April and May is added to Study 3 to create Study 4. In this scenario, the ERP Delta outflow
targets are 20,000, 30,000 and 40,000 cfs for an additional 10 daysin March and 10 daysin
April/May for Dry, Below Normal and Above Normal water year types, respectively. The water
year types are based on the Sacramento Valley Water Y ear Hydrologic Classification. The order
of priority given is, SWP, CVP, refuge, groundwater conjunctive use, EWA, and ERP demand
for In-Delta water.

The ERP was established to accomplish strategic program goals through habitat creation and
management and the EWA was created to reach these goals through flow manipulations. Some
of the implementing agencies for the EWA (USFWS, NOAA Fisheries and CDFG) are also the
ERP implementing agencies. These agencies are responsible for exercising biological judgment
to determine SWP/CV P operational changes to protect and enhance at-risk fish species
dependent on the Delta. All of the at-risk fish species that are targeted for enhancement and
recovery by the EWA are also targeted for recovery by the ERP, so thereis adirect linkage
between the goals of these two programs. As shown in Table 3.1, total annual supply changeis
136 taf with 83 taf going to projects, 37 for EWA use and 16 taf for additional ERP Delta flow.

4.4 I mpact Evaluation Studies

Many factors can affect the operation of the In-Delta Storage Project, but it is difficult to assess
the combined impacts of multiple conditions at the same time. With that said, a number of
impact evaluation studies were developed and analyzed to determine the potential impacts of
various conditions on the project.

The impact evaluation studies were designed to compare the trade-offs that are possible when
specific water management actions are applied to the In-Delta Storage Project. These studies are
all iterations of Study 4 (water supply, EWA and ERP) with various changes to gage the
potential impact of operational constraints and modeling assumptions that were not addressed in
Studies 2, 3, and 4. These include the D1643 DOC standards, fish protections in extreme
conditions (FMWT < 239), climate change, and changes in infrastructure such as an expanded
Los Vagueros Reservoir and increase Contra Costa export capacity. Also, the impacts of D1643
on theisland reservoirs’ ability to divert and deliver water were evaluated by running an In-Delta
storage operation unencumbered by this decision.

The impact evaluation studies were evaluated and compared with Study 4 to assess the impact of
various operational constraints and modeling assumptions placed on the In-Delta Storage Project.
A summary of 73-year study results, including information on diversions and discharges from
the In-Delta Storage islands, isgiven in Table 4.2.

In-Delta Storage Program State Feasibility Study Draft Report on Operations



4.4.1 Study 4a: Initial Project Conditionswith DOC Constraints Applied

The objective of Study 4aisto model the In-Delta Storage Project with dissolved organic carbon
(DOC) constraints applied, as specified in the WQMP. Study 4a builds upon Study 4 by adding
DOC constraints to the In-Delta Storage Project to determine the impact on In-Delta Storage
Project yield. For more details on the implementation of the constraints, see Appendix A of the
December 2003, Draft Report on Operations.

When added to the CVP/SWP systems, the In-Delta Storage Project will impact water quality in
the Delta. The DOC of the water channel sources (Sacramento River and San Joaquin River)
coming into the reservoir is known from historical field measurements. When water is stored
over peat soils, DOC growth occurs as indicated by field investigations and |aboratory
experiments. DOC is an important water quality issue to be resolved for project operations.

As constraints dictated by D1643 are to be applied, base water quality conditions are needed.
The DOC data generated by DSM2 using Study 1 (No-Action Base) operational input covers the
period from October 1975 to September 1991. To generate a 73-year data set of DOC
concentrations, the 16 year DSM 2 data was sorted by water year type (Sacramento Valley Water
Y ear Hydrologic Classification) and daily averages for each location were computed. These
daily average DOC time series were then applied to the remainder of the 73-years based on water
year type. Asgiven in Table 4.2, the average annual impact of DOC constraints on project yield
is 20 taf in comparison to Study 4.

442  Study 4b: DOC Dilution through Circulation

The objective of Study 4b isto determine water circulation needs so that island reservoirs can be
operated within the required DOC standards without impacting project yield. Study 4b is similar
to Study 4a; however, an amount of 200 to 500 cfswill be circulated between each reservoir and
the adjacent sloughs whenever favorable conditions exist between the reservoir and slough.

The amount of circulation is controlled by the following criteria:

e Releasesfrom In-Delta Storage reservoirs shall cease if they cause total organic carbon
(TOC) concentrations at the urban intakes (SWP, CVP and CCWD pumping plants), and
at areceiving water treatment plant, to exceed 4.0 mg/L. Storage releases or circulation
may resume once the DOC concentration is below the set standard.

e Releasesfrom In-Delta Storage reservoirs shall ceaseif they cause total organic carbon
(TOC) concentrations at the urban intakes (SWP, CVP and CCWD pumping plants) to
increase by more than 1.0 mg/L. TOC concentrations shall be calculated as a 14-day
average. Storage releases or circulation may resume once the 14-day average DOC
concentration is below the set standard.

Circulation is a mechanism to discharge DOC from the reservoirs when there is not an
opportunity to discharge for export or Delta outflow. During circulation, island diversions equal
island discharge resulting in no net change to the Delta water balance. Depending on stage in the
reservoirs and channels, water will be pumped in one direction and gravitational flow will occur
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in the other. Diversions are assumed to occur on the south side of each island and discharge on
the north. The DOC concentration of the circulation diversion is equal to the base DOC
concentration in the channel whereas the DOC concentration of the discharge is assumed to
equal theisland storage DOC concentration calculated at the beginning of the day. Complete
mixing is assumed to occur at the end of the day. It is assumed that circulation has no impact on
DOC production in the reservoirs. While the mass of DOC discharged from the islands with
circulation increases with the mass of DOC diverted by circulation, the concentration of
dischargeisdiluted asisitsimpact to DOC concentrations at the urban intakes. By reducing the
DOC concentration on the islands, IDS can then take better advantage of opportunities for
storage release when they arise.

Transport of DOC to the urban intakes is modeled with linear regression equations generated
with aDSM2 fingerprint analysis. See the Water Quality Investigations report for further details.

Project diversions and discharges from this CALSIM study were used as input to DSM2 to
determine changes to TOC values at the urban intakes and information is presented in Chapter 4
on Water Quality. Asgivenin Table 4.2, circulation will reduce the annual impact of applying
DOC constraints by 6 taf to 10 taf for 200 to 500 cfs circulation.

443 Study 4c: Fish and Aquatic Habitat Protections during Drought and Extreme
Conditions

The objective of Study 4c is to determine the amount of water needed to meet requirements when
the Fall Midwater Trawl Abundance Index for delta smelt (FMWT) islessthan 239. The FMWT
Index is an indicator for determining the abundance of delta smelt within the Deltaand a FMWT
Index of lessthan 239 indicates a significant decline in delta smelt abundance.

According to an excerpt from the Department of Fish and Game web site, “ The delta smelt
population is affected by the amount of outflow from the Estuary which varies from year to year
due to precipitation and water management. A positive significant relationship between the fall
midwater trawl abundance index and the number of days the entrapment zone (where salt and
fresh water meet) isin Suisun Bay from February through June has been observed. This suggests
that the delta smelt population does better when outflow is allowed to flow downstream and
create nursery habitat for delta smelt in Suisun Bay”.

The following procedure was used to determine the water supply impact when the FMWT Index
isless than 239 during drought or extreme dry conditions:

e Study 4 was run assuming a FMWT Index of lessthan 239 in al 73 years. According to
the constraints imposed by D1643, no diversions for storage will be made from February
15 through June 30 if FMWT isless than 239. Thiswill negatively impact project yield.

e Assume that the FMWT Index isless than 239 during 28-percent of the 73-year study
period (FMWT Index was less than 239 in 8 of 28 years from 1967 to 1994, which is 28
percent). Assume that the FMWT Index is greater than 239 during the remaining 72-
percent of the 73-year study period.
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e Assumethe FMWT index isindependent of hydrology and operations and use the
formula below to calculate a weighted project yield for Study 4c.

ProjectYieldy, g, = K ProjectYieldy y, X 0.72j + (Pr ojectYieldy 4, X 0.28}}

FMWT>239 FMWT<239

The weighted project yield (Table 4.2) with FMWT impact is 20 taf less due to the assumption
that extreme conditions constraint has to be met. The assumption that the FMWT index is
independent of hydrology is likely conservative. If, as the Department of Fish and Game
suggests, there is a positive correl ation between the FMWT index being less than 239 and
drought conditions, the negative impact of the FMWT index conditional constraintsin D1643
will be less than reported. Due to other constraints on island operations, IDS rarely diverts water
during drought conditions which is at the same time that the FMWT index is most likely to be
low. Obviously, zero diversions can not be decreased.

444  Study 4d: Climate Change I mpact

The objective of Study 4d isto assess the impacts climate change may have on the In-Delta
Storage Project yield. Because of the project’ s location, In-Delta Storage would capture early
spring flows and store additional water that may end up in the Bay. Study 4d uses a different
hydrology than study 4. The hydrology used in Study 4d is modified to reflect changesin the
climate in the region due to global warming. To accurately compare the results of this study, a
modified No-Action Base study (Study 1d) that uses the same modified hydrology as Study 4d
was created by shifting inflows into the Deltafrom spring (March, April or May flows) to winter
flows (January or February). Results of this study are compared with the No-Action Base (Study
1) and are shown in Table 4.2. The results indicate that the project yield will marginally change
over time. For example, this study shows an average annual delivery of 139 taf in comparison to
136 taf for Study 4 without climate change. Also, there would be additional 11 taf of carryover
storage in Oroville Reservoir.

445 Study 4e: Coordination with Los Vaquer os Expanded Reservoir

The purpose of this study isto assessif there are additional benefits of considering In-Delta
Storage operations in coordination with the Los Vagueros Reservoir expansion. In addition, it
was also the intent to seeif this project is competing for the same surplus water. This project is at
adifferent level of study development. The studies are very preliminary and no final operational
plans have been developed. Focus of this study was on trend evaluation rather than importance of
numbers. The current operational studies for operating an expanded Los V aqueros Reservoir are
appraisal level scenarios based on D1641 requirements with 2020 hydrology modeled using a
monthly time step, whereas the In-Delta Storage Project has D1643 constraints applied and uses
the CALSIM |1 modeling application on daily basis.

Diversion information for the Los V aqueros Reservoir expansion was obtained from the ongoing
planning studies. Los Vaqueros diversions assume a secondary use of the project after leaving a
surplus flow buffer of 5,000 to 10,000 cfs that can be used by expanded Banks 8,500 cfs and
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future extensions in the SWP and CV P system such as In-Delta Storage. Results of this scenario
are presented in Table 4.2. The study results indicate that the Los V aqueros expansion will have
minimal impact on In-Delta Storage operations.

446  Study 4f: Impact of D1643 on In-Delta Storage Oper ations

Study 4f was run to determine the impact of D1643 on potential In-Delta Storage Project yield.
Studies 4, 4a, 4b, and 4c were run with different combinations of D1643 constraints. Therefore,
Study 4f was run without D1643 constraints for the purposes of comparison. Two constraints
were retained though:

1. No island diversions during April and May.
2. Islands can only divert a percentage of available surplus water as specified in D1643
(90% Aug-Jan; 50% Mar and Jun; 75% Feb and Jul; 0% Apr and May).

In fact, this study simulates the In-Delta Storage operations in coordination with SWP and CVP
operations including Joint Points of Diversion for the period of WY 1922 — WY 1994 using
requirements close to D1641. Other storage projects being studied for the Bay-Delta Program
have not yet progressed far enough in the process to have their own assigned operational
requirements similar to D1643 for In-Delta Storage. This study would also serve as a comparison
with other storage projects. Results given in Table 4.2 indicate that the impact of D1643
requirements on In-Delta Storage water balance is on the order of about 100 taf.
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Table4.1: Summary of Resultsfor Sample Operational Scenarios

Changein Water Supply Changein In-Delta
CALSIM-II Study No. Isiand Isand | Contribution | swp/cvP (TAF) Oroville groorjae%te
Study Period Oct 1922-Sept | Diversion | Discharge to D1641 Delivery Carryover
1994 (TAF) (TAF) (TAF) (TAF) | SWPICVP | L | erp Tog Wlater Storage | Carryover
Delivery pply (TAF) Storage
Change (TAF)
Study 1: No Action Base Case ) ) ) ) ) ) ) )
(D1641) 5774 2028
Study 2: Water Supply
oject wit - - +
(Proj ith D1641 & D1643) 159 159 19 5898 124 124 35 31
Study 3: Water Supply / EWA
(D1641/.D1643 and EWA) 165 165 19 5872 98 31 - 129 +36 11
Study 4: Water Supply / EWA
/'ERP (D1641/D1643, EWA 165 165 15 5857 83 37 | 16 136 +22 1
and ERP)
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Table4.2: Summary of Resultsfor Impact Evaluation Scenarios

CALSIM-II Study No.
Period Oct 1922-Sept 1994

Island
Diversion
(TAF)

Island
Discharge
(TAF)

Contribution
to D1641
(TAF)

SWP/CVP
Delivery
(TAF)

Changein Water Supply (TAF)

SWP/
CVP
Delivery

EWA

ERP

Total Water

Supply
Change

Changein
Oroville
Carryover
Storage
(TAF)

In-Delta
Storage Project
Carryover
Storage (TAF)

Study 1: No Action Base Case
(D1641)

5774

2028

Study 4: Water Supply / EWA / ERP
(D1641/ D1643, EWA and ERP)

165

165

15

5857

83

37

16

136

+22

11

Study 4a: Initial Project Conditions
with DOC Constraints Applied
(Study 4 with DOC Constraints)

145

145

10

5861

87

15

14

116

+4

55

Study 4b_200: DOC Resolution
through Circulation

(Study 4 with DOC Constraints and
200cfs maximum Circulation)

Study 4b_500: DOC Dilution
through Circulation

(Study 4 with DOC Constraints and
500cfs maximum Circulation)

147

153

147

153

12

13

5863

5866

89

92

18

20

15

14

122

126

+9

+17

45

38

Study 4c: Fish and Aquatic Habitat
Protections during Drought and
Extreme Conditions

(Study 4 with FMWT < 239)

143

143

13

5844

70

31

15

116

10

Study 1d: Base for Climate Change
Impact Study
(D1641 with updated hydrology)

Study 4d: Climate Change Impact
(Study 4 with updated hydrology.
Compared with Base Study 1d)

163

163

15

5740

5832

92

33

14

139

1790

+33

11

Study 4e: Coordination with Los
Vagueros Expanded Reservoir
(Study 4 with expanded LV
operation)

159

159

14

5853

79

36

14

129

+14

11

Study 4f: Impact of D1643 on In-
Delta Storage Operations
(Study 4 without D1643)

270

270

26

5896

122

14

180

+50

50
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Chapter 5: Analysis of Operational Results
51 General

The In-Delta Storage Project can be operated in many ways and can provide multiple benefits by
meeting water supply reliability, water quality, and environmental water needs.

This chapter presents modeling results and analyses for the No-Action Base study, the three
sample operational scenarios, and the impact evaluation studies. A summary of results for all the
modeling studies are given in Tables 4.1 and 4.2.

The analysis results presented in this chapter reflect both “long-term” averages and “ dry period”
averages. The long-term is defined as the 73-year period from October 1, 1921 to September 30,
1994, or water year 1922 through 1994. To represent the “dry period”, an average of the
following three hydrological periods was used:

e May 1928 to October 1934
e  October 1976 to September 1977
e  October 1987 to September 1992

Three years: 1979, 1986, and 1987/1985 were selected for conducting detailed analyses of
operational studies. These years represent below normal, wet and dry conditions, respectively,
covering arange of hydrologic conditions.

52 Typical Project Operationsunder Study 4

In-Delta Storage Project operations are affected by many factors and vary under different
operational scenarios. To give the reader a sense for how the project can be operated, results
from Study 4 (Water Supply/EWA/ERP study) are presented below.

Diversions. Asshown in Figure 5.1, most diversions to In-Delta Storage typically occur during
the months of December, January, February and June over the long-term. Some diversions al'so
occur during the summer and late fall months. Figure 5.2 shows that during the dry period
diversions are only made during January, February and June, with very little diversions occurring
in July. Figures 5.1 and 5.2 also show the contribution of total diversions going to Webb Tract
and Bacon Island. These figures present average monthly values, so the extremes are not
apparent.

Releases: Asshown in Figure 5.3, releases from In-Delta Storage typically occur during the
spring and early summer months over the long-term period with the majority of releases
occurring in July. The magnitude of releases that occur February through June are similar for the
long-term and dry periods; however, releases during January are more and during July are
significantly less during the dry period. Figures 5.3 and 5.4 also show the contribution of total
releases from Webb Tract and Bacon Island.
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Storage L evels: Figure 5.5 shows the monthly average reservoir storage levels for Webb Tract
and Bacon Island for awet year (1986), below normal year (1979), and dry year (1987). Results
for the wet and below normal years indicate that the reservoirs are filled during February, stay
full through June, and are emptied during July. Results for the dry year indicate that the
reservoirs remain empty throughout the year. There are dry yearsin which the reservoirs are
operated, contradicting this trend.

Reservoir Operations. Reservoir operations for awet year (1986), below normal year (1979),
and two dry years (1987 and 1985) are shown for Webb Tract in Figures 5.6, 5.7, 5.8 and 5.9 and
for Bacon Island in Figures 5.10, 5.11, 5.12 and 5.13. These figures show reservoir island
diversions, releases and storage level on adaily basis. The values shown are average daily values
and do not reflect fluctuations within the same day. Results indicate that In-Delta Storage
reservoir operations are similar during below normal and wet years. Figures 5.8 and 5.12 show
that the project is not operated during adry year such as 1987; however, there are dry yearsin
which the project is operated. For example, Figures 5.9 and 5.13 show the project being operated
during adry year (1985) that is preceded by and followed by wet years.
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5.3 Assessment of Project Benefitsfor Sample Operational Scenarios

The In-Delta Storage Project can provide benefits such as water supply reliability, system
operational flexibility, additional carryover storage, Environmental Water Account assets,
Ecosystem Restoration Program flows, in-lieu recharge for transfer of water for other statewide
urban and agriculture users, County groundwater, and Delta water quality improvements. This
section discusses these potential benefits of In-Delta Storage and presents some operational study
results for the three sample operational scenarios.

53.1 Water Supply Reliability

The In-Delta Storage Project can improve water supply reliability for the state and federal water
supply systems. The project can produce additional water deliveriesto urban and agricultural
water users, create additional upstream carryover storage and release water quickly for
environmental needs.

Results shown in Table 5.1 indicate that all three sample operational scenarios provide increases
in both SWP and CVP deliveries and Lake Oroville carryover storage over the No-Action Base
study. Figure 5.14 compares average annual SWP and CVP deliveries of the No-Action Base
study to Study 4. During most years, In-Delta Storage provides an increase in SWP and CVP
deliveries over the No-Action Base.

8000
7000
o
< 6000
£
3 5000
)
2
T 4000
(a)
o
= 3000
Q
=
U)ZOOO
1000
0
N O 00 o < I O M © O N I 0 o < I O M © O N I 0 «d <
N N N 0O 0O M & & 89 9 0 1B 1 © © O© I~ I I 0 0 © O O
D O O O O O (o)) OO O O O O O O O O 0O O O O O O O
D T B I B B T s T I I T I D B N I T = T e B DR B B I |
m Study 1 - No Action Base (D1641)
m Study 4 - Water Supply/EWA/ERP (D1641/D1643/EWA & ERP)

Figure 5.14: Average Annual SWP/CVP Déliveries- Study 4
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Figure 5.15 shows the annual exceedance frequency of SWP/CVP deliveries under the No-
Action Base and the three sample operational scenarios. This exceedance curve represents the
likelihood that deliveries of a specific amount will be met or exceeded. For example, total SWP
and CVP deliveries under Study 4b are at least 5,300 TAF/year in 70% of the years.
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Figure5.15: Water Supply Reliability

532 SWP and CVP System Operational Flexibility

The In-Delta Storage Project would improve the operational flexibility of the CVP and SWP.
The project’ s strategic location within the Delta provides enhanced flexibility in responding to
short-term operational needs resulting in greater environmental protection and water supply
reliability.

Dueto its strategic location in the Delta, In-Delta Storage can respond quickly to accommodate
real time operational needs. The In-Delta Storage Project provides a significant amount of water
that could be used on short notice for export through the south Delta pumps, or release for real
time Delta outflow, water quality and fisheries flows. This gives the water system unique
operational flexibility that cannot be supplied by upstream storage that requires greater travel
times for released water to reach the Delta.
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533 Carryover Storage

The system-wide benefits of In-Delta Storage extend not only to south of the Delta but are also
realized upstream. A portion of SWP and CV P obligations are met by In-Delta Storage and as a
result of In-Delta Storage operations, upstream carryover storage becomes available for other
potential system-wide uses such as benefiting the cold water pool, recreation and improving the
reliability of other project deliveries. A large part of this additional carryover storage occursin
Lake Oroville, as shown in Figure 5.16. It should be noted, however, that the potential uses of
this additional carryover storage were not modeled. If the potential uses are modeled, negative
impacts to other water users should be avoided.

Uses of this storage can be optimized through further operational studiesin coordination with
upstream reservoirs. Operations can be refined by:

¢ flow augmentation in the Sacramento River,

e moving water during fall months to In-Delta Storage for Delta ecosystem ,EWA and ERP
use, and

e using water for temperature control and other water quality benefits.

N w
a o
o o
o o

2000

1500

1000

Carryover Storage (TAF)

500

100 90 80 70 60 50 40 30 20 10 0
% of Years Carryover Storage is Exceeded

— Study 1 - No Action Base (D1641)
Study 2 - Water Supply (D1641 & D1643)
— Study 3 -Water Supply/EWA (D1641/D1643 & EWA)
— Study 4 - Water Supply/EWA/ERP (D1641/D1643/EWA & ERP)

Figure5.16: Long-Term Oroville Carryover Storage
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5.34 Environmental Water Account

In-Delta Storage could provide water needed to support the EWA program, enhancing the EWA
ability to respond to real-time fisheries needs and eliminating the need to purchase a substantial
portion of water, from other sources, needed by EWA each year.

It was assumed that any water that was not needed by SWP and CVP as of May 1 could be
purchased for EWA. EWA isgiven alower priority to the water than the refuges and
groundwater conjunctive use, but from July through September Banks permitted capacity is
increased from 8000 cfs to 8500 cfs with the extra 500 cfs dedicated to moving In-Delta water
for the EWA. This guarantees that, while low in priority, the EWA can purchase a significant
share of the unwanted In-Delta Storage water because it can move water that the refuges and
groundwater recharge are otherwise unable to.

Figure 5.17 shows the annual exceedance frequency of reservoir island releases for EWA
compared to releases for SWP/CVP deliveries under Studies 3 and 4. This exceedance curve
represents the likelihood that releases of a specific amount will be met or exceeded. For example,
total releases for EWA under Study 4 are at least 40 TAF/year in 30% of the years. Theisland
releases shown in this figure are additive. In other words, the total releases made are the
summation of releases made for SWP/CV P deliveries and those made for EWA.
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Figure5.17: In-Delta Storage Supply Contribution to EWA
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5.3.5 Ecosystem Restoration Program

The In-Delta Storage Project can provide water for ecosystem restoration actions to help restore
and improve the health of the Bay-Delta system for all native species while reducing its water
management constraints. This project can help maintain flow regimesin the Delta that support
the recovery and restoration of native aguatic and riparian species and biotic communities.
Figure 5.18 shows the annual exceedance frequency of reservoir island releases for ERP Delta
flows compared to releases for SWP/CVP deliveries under Study 4. The island releases shown in
thisfigure are additive. In other words, the total releases made are the summation of releases
made for SWP/CV P deliveries and those made for ERP.
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Figure 5.18: Dedicated I n-Delta Storage Supply Contribution to ERP
53.6 Water Quality

The location of the 2 ppt salinity isohaline (X2 location) has been identified as an important
indicator of estuarine habitat conditions within the Bay-Delta system. The location of X2 within
Suisun Bay during the February to June period is thought to be directly and/or indirectly related
to the reproductive success and survival of the early life stages for a number of estuarine species.
Abundance of several estuarine speciesis greater when the X2 location during the spring occurs
within the western portion of Suisun Bay with lower abundance correlated with those years when
the X2 location is further to the east.

The In-Delta Storage Project has the potential to improve water quality in the Delta. Duetoits
strategic location, higher quality water released from the project may reduce salinity in the Delta
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when Deltawater quality is poor. None of the operational studies conducted for thisfeasibility
study emphasized improving water quality. With that said, studies emphasizing water quality
improvements should be conducted to determine the extent to which In-Delta Storage can
improve Deltawater quality. Salinity changes are evaluated by DSM2 to determine if the
CALSIM results are within the variations allowed by D1643. The CALSIM results indicate that
the project’ simpact to X2 position and salinity are negligible. Further evaluations can be found
in the Water Quality Investigations report.

54 Assessment of Impact Evaluation Scenarios

Many factors can affect the operation of the In-Delta Storage Project, but it is difficult to assess
the combined impacts of multiple conditions at the same time. With that said, a number of
impact evaluation scenarios were developed and analyzed to determine the potential impacts of
various conditions on the project. This section discusses these potential impacts and presents
some operational study results for the six impact evaluation scenarios. As mentioned earlier, the
impact evaluation scenarios are based on Study 4.

The operational analyses presented in this section cover the impacts to the project of: applying
D1643 water quality constraints; applying circulation to dilute potential DOC problems;
applying fish and aquatic habitat protections during drought and extreme conditions; climate
change; and changes in infrastructure such as operating in coordination with an expanded L os
Vagueros reservoir. Also, the impacts D1643 has on the projects ability to divert and deliver
water were evaluated by running an In-Delta Storage operation unencumbered by this decision.

54.1 Water Supply Evaluations

Figure 5.19 shows changes in water supply, relative to the No-Action Base study, for Study 4
and all six impact evaluation studies. Thisfigure also shows the relative affect that each impact
evaluation scenario has on water supply relative to Study 4. In thisfigure, the total water supply
quantity is separated into SWP/CVP deliveries, releases made for EWA and ERP flows. Each of
the impact evaluation scenarios are discussed further in the following sections.

— =0
In-Delta Storage Program State Feasibility Study Draft Report on Operations



140

122

120
100
87 89 > i
83 — I
79
80
|?<|_ 70
|_
60
44
37
40 31 33 36
18 20
20 16 15 14 I15 I14 15 14 14 14
0

Study4 Study4a Study4b Study4b Study4c Study4d Studyde Study4f
200cfs  500cfs

O SWP/CVP Delivery B EWA OERP
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5.4.2 Organic Carbon Evaluations

Study 4awas run to obtain theinitial project conditions with organic constraints applied. The
total impact to water supply when organic carbon constraints are applied is only about 20
taf/year on average. Circulating water onto and off the reservoir islands can improve water
quality (by reducing organic carbon) in the reservoirs, thereby reducing the total impact to water
supply. Study 4b included two circulation runs, one at 200 cfs and another at 500 cfs. Sensitivity
analyses showed that circulating more than 500 cfs does not further reduce organic carbon
concentrations on the reservoir islands.

Results for the 500 cfs circulation run (Study 4b 500) are presented here. Similar to the types of
results presented in Section 5.2 for Study 4, the results presented below include long-term and
dry period monthly average diversion and release amounts, as well as reservoir operations for a
wet year (1986), below normal year (1979), and two dry years (1987 and 1985). In addition,
organic carbon operations are presented for three locations: Banks Pumping Plant, Tracy
Pumping Plant and Contra Costa Intake for 1986, 1979, 1987 and 1985.

Diversions. Figures 5.20 through 5.23 show diversionsto In-Delta Storage under a circulation
operation for the long-term and dry period. The diversions shown are split into diversions for
storage (Figures 5.20 and 5.22) and diversions strictly for circulation (Figures 5.21 and 5.23).
These figures show that diversions occur during every month of the year for all years, whereas
without circulation (Study 4), very little if any diversions are made during the spring and summer
months (with the exception of June) over the long-term. These figures also show the contribution
of total diversions going to Webb Tract and Bacon Island and present average monthly values, so
the extremes are not apparent.
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Releases: Although not shown, the patterns of releases made strictly for circulation are identical
to the patterns shown for diversionsin Figures 5.21 and 5.23. Thisis expected since under
circulation operations diversions equal releases, resulting in no net change to the Delta water
balance. Figures 5.24 and 5.25 show releases made from storage (without circulation releases).
Similar to operating without circulation, these figures show that releases from In-Delta Storage
typically occur during the spring and early summer months with the mgority of releases
occurring in July. The magnitude of releases that occur February through June are similar for the
long-term and dry periods; however, releases during July are reduced significantly during the dry
period.

Reservoir Operations. Reservoir operations with circulation for awet year (1986), below
normal year (1979), and two dry years (1987 and 1985) are shown for Webb Tract in Figures
5.26, 5.27, 5.28 and 5.29 and for Bacon Island in Figures 5.30, 5.31, 5.32 and 5.33. These figures
show reservoir island diversions, releases and storage level on adaily basis. The values shown
are average daily values and do not reflect fluctuations within the same day. Results indicate that
In-Delta Storage reservoir operations are similar during below normal and wet years. Figures
5.28 and 5.32 show that the project is not operated during adry year such as 1987; however,
there are dry yearsin which the project is operated. For example, Figures 5.29 and 5.33 show the
project being operated during adry year (1985) that is preceded by and followed by wet years.
The results from 1985 indicate that under circulation operations the project operations are similar
in pattern and magnitude to the below normal and wet years, without the increased diversions
during February.
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Figure 5.33: Bacon Island Operationsin Dry Year (1985) - Study 4b 500

Organic Carbon Operations. Organic carbon (DOC) operations for awet year (1986), below
normal year (1979), and adry (1987) are presented in Figures 5.34 through 5.42 for Banks,
Tracy and Contra Costa s Intake. These figures show OC standards and base DOC at the
specified location. They also show DOC from the reservoir releases and 14-Day average DOC
due to island operations at the specified location for both Study 4a and 4b. A general discussion
of these resultsis presented below.

The results indicate that In-Delta Storage operations, both with and without circulation, stay
within the required DOC standards at the export locations from January through June of typical
wet and below normal years. From June through December of typical wet, below normal and dry
years, the DOC standards are periodically exceeded. Without circulation, the standards are
exceeded by up to 1.5 mg/l at Banks, 1 mg/l at Tracy and 2 mg/l at Contra Costain typical wet
and below normal years and by up to 3 mg/l at Banks, 2 mg/l at Tracy and 2 mg/l at Contra Costa
intypical dry years.

Circulation operations significantly reduce the amount of DOC coming off the reservoir islands,
reducing the overall DOC impact at the export locations. With circulation operations, the
standards are found to be exceeded by only up to a maximum of 1 mg/l at Banks, 0.5 mg/| at
Tracy and 1 mg/l at Contra Costain typica wet and below normal years and are rarely exceeded
by no more than 0.5 mg/l in typical dry years. Asaresult of this, the overall water supply impact
of operating under the required standards is reduced by up to 10 taf/year on average.

These results indicate that circulation can work as atool to help resolve potential DOC problems
encountered by In-Delta Storage operations. There may be additional ways to operate in away to

— /9
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further reduce DOC impacts, but this method shows that the issue can be resolved. Further
operational studies can be conducted to refine In-Delta Storage operations.
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Figure 5.34: Organic Carbon Operations at Banksin Wet Year (1986)
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----- DOC Standard at Banks Intake
—— Base DOC at Banks Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Banks Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Banks Intake

Figure 5.35: Organic Carbon Operations at Banksin Below Normal Year (1979)
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----- DOC Standard at Banks
—— Base DOC at Banks Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Island Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Banks Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Banks Intake

Figure 5.36: Organic Carbon Operationsat Banksin Dry Year (1987)
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----- DOC Standard at Banks Intake
——Base DOC at Banks Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Banks Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Banks Intake

Figure 5.37: Organic Carbon Operationsat Banksin Dry Year (1985)
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----- DOC Standard at Tracy Intake
—— Base DOC at Tracy Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Tracy Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Tracy Intake
Figure 5.38: Organic Carbon Operationsat Tracy in Wet Year (1986)
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----- DOC Standard at Tracy Intake
—— Base DOC at Tracy Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Tracy Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Tracy Intake

Figure 5.39: Organic Carbon Operationsat Tracy in Below Normal Year (1979)
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----- DOC Standard at Tracy Intake
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Figure 5.40: Organic Carbon Operationsat Tracy in Dry Year (1987)
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----- DOC Standard at Tracy Intake
——Base DOC at Tracy Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Tracy Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Tracy Intake

Figure 5.41: Organic Carbon Operationsat Tracy in Dry Year (1985)
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----- Study 4a - DOC Standard at Contra Costa Intake
— Study 4a - Base DOC at Contra Costa Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Contra Costa Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Contra Costa Intake

Figure 5.42: Organic Carbon Operationsat Contra Costa Intakein Wet Year (1986)

DOC (mg/L)
(6]

2-Mar-79
11-Apr-79
1-May-79
10-Jun-79
30-Jun-79
20-Jul-79
8-Oct-79
28-Oct-79
17-Nov-79
7-Dec-79
27-Dec-79

o
~
o
]
<
o
N

Jan
21-Jan-79
10-Feb-79
18-Sep-79

22-Mar-79
21-May-79

----- DOC Standard at Contra Costa Intake
—— Base DOC at Contra Costa Intake
Study 4a - DOC from Reservoir Islands Release
Study 4b 500 - DOC from Reservoir Islands Release
----- Study 4a - 14 Day Average DOC due to Island Operations at Contra Costa Intake
—— Study 4b 500 - 14 Day Average DOC due to Island Operations at Contra Costa Intake

Figure 5.43: Organic Carbon Operationsat Contra Costain Below Normal Year (1979)
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Figure 5.44: Organic Carbon Operationsat Contra Costa Intakein Dry Year (1987)
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Figure 5.45: Organic Carbon Operationsat Contra Costa Intakein Dry Year (1985)
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54.3 Assessment of Fish and Aquatic Habitat Protections

The In-Delta Storage project’ s location is unique and allows swift action to be taken to respond
to instream flow requirements for fish and aguatic habitat. Seasonal timing and magnitude of
water diversions from the Delta may affect aquatic species directly through entrainment and
impingement or indirectly through changes in hydrologic conditions and aquatic habitat.

Results of operational studies indicate water stored during wet years in the Delta and additional
carryover as aresult of new storage can be used for fish and aquatic habitat improvements. There
would be an increase in channel organic carbon close to the reservoir outlets that could benefit
channel fisheries habitat. These ecological benefits need further evaluation.

Environmental water allocations during February through June and the resulting decreasesin
SWP exports would reduce the frequency and magnitude of reverse flowsin the lower San
Joaquin River. Thiswould aso contribute to the X2 position being located more within the
western Delta, and increase Delta outflow. As aresult, the quality and availability of aguatic
habitat for fish would be improved. Additional water stored in the In-Delta Storage reservoir
islands could be used to meet the ERP requirements.

When there is a significant decline in delta smelt abundance (FMWT < 239) during drought or
extreme dry conditions, In-Delta Storage reservoir operations could help meet environmental
needs. In-Delta Storage operations may result in additional upstream carryover storage, which
can be used to release water to increase Delta outflow. Using In-Delta Storage to release water
for ERP will also increase Delta outflow. Coordination between the fisheries regulatory agencies
and project operators will be required to make supplies available for fisheries and habitat
restoration during such extreme conditions.

54.4 Impact of Climate Change
Climate change may result in higher winter flows and reduced spring runoff. Operation studies

indicate that effect of climate change on In-Delta Storage operations would result in marginal
change in water supplies (see Figure 5.46).
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Figure 5.46: Long-Term Average Annual SWP/CVP Deliverieswith Climate Change
54.5 Coordination with L os Vaquer os Expanded Reservoir

The study results indicate that the Los Vaqueros Reservoir Expansion Project will have minimal
impact on IDS operations.

54.6 Impact of D1643 Actions

Other storage projects being studied for the Bay-Delta Program have not yet progressed far
enough in the process to have their own assigned operational requirements similar to D1643 for
In-Delta Storage. Figure 5.47 shows that the In-Delta Storage Project could deliver about
100,000 acre-feet more benefitsif it was not required to operate under the D1643 contraint.
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55 Conclusions and Recommendations

The analyses presented in this chapter included the affects of adding the In-Delta Storage Project
facilities to the SWP/CVP system (with varying operations, such as the inclusion of EWA and
ERP). Also presented were the impacts of: applying DOC constraints to the project; applying
fisheries regulations; climate change; coordinated operation with expanded Los Vaqueros
Reservoir; and SWRCB D1643.

Based on the results of the operational scenarios, the following conclusions have been made for
the In-Delta Storage Project:

e Dueto the project’s strategic location, the operation of the island reservoirs would produce
additional water deliveriesto urban and agricultural water users and contribute to operational
flexibility and increased reliability of the SWP and CVP systems.

e Resolution of water quality issuesis possible with circulation of water through the island
reservoirs.

e Future operations can be refined during consultations with regulatory agencies for
improvements in habitat quality and availability for fish and other aquatic organisms
inhabiting the Bay-Delta system. The timing of environmental water allocations would be
flexible depending on the specific environmental benefit to be achieved (e.g. protection of
spring-run chinook salmon and delta smelt).
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Due to the possibility of increased carryover storage in the upstream SWP and CVP
reservoirs as aresult of storing water in the Delta, CALFED’ s ERP and storage programs
should work closely with regulatory agencies to maximize the program benefits and assure
compliance of the Endangered Species Act.

EWA studies for the In-Delta Storage Project show that In-Delta Storage could provide water
needed to support the EWA program, enhancing the EWA ability to respond to real-time
fisheries needs and eliminating the need to purchase a substantial portion of water, from
other sources, needed by EWA each year.

The In-Delta Storage Project and the Los Vaqueros Expansion Project were modeled, and
evaluation indicates that both projects can be operated in coordination. Further evaluation of
shared diversion points would result in additional benefits and cost savings. Comparative
information on the other three CALFED storage programs (Shasta Enlargement, North of
Delta Offstream Storage and Storage in the upper San Joaquin River Basin) could not be
completed within the time limits of this study. Comparative information on all storage
programs based on daily modeling is required to evaluate the benefits of joint operations. As
these projects are at different levels of study, evaluations should be made based on common
assumptions and overall benefit choices are to be defined.
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Appendix A - SWRCB Water Right Decision 1643
Diversion Criteria

Diversion to storage could only occur when Deltaisin excess conditions and surplus
flows are available.

Initial diversionsto DW Project shall not be made for the current water year
(commencing October 1) until X2 has been west of Chipps Island (75 km upstream of the
Golden Gate Bridge) for a period of ten (10) consecutive days. After initial X2 condition
ismet, diversions shall be limited to a combined maximum rate of 5,500 cfsfor five (5)
consecutive days.

Maximum rate of diversion onto either Webb Tract or Bacon Island would be 4,500 cfs
(taf/day). The combined maximum daily average rate of diversion for all islands
(including diversions to habitat islands) will not exceed 9,000 cfs.

The maximum annual amount diverted to Webb Tract storage shall not exceed 155 taf per
year from January 1 to March 31 and June 1 to December 31 and shall not exceed
106,900 af per year from December 15 to March 31. The total amount of water taken
from all sources shall not exceed 417 taf per water year of October 1 to September 30.

The maximum annual amount diverted to Bacon Island storage shall not exceed 147 taf
per year from January 1 to March 31 and June 1 to December 31 and shall not exceed
110,570 AF from December 15 to March 31. Thetotal amount of water taken from all
sources shall not exceed 405 taf per water year of October 1 to September 30.

Diversions shall not exceed 1000 cfs when the 14-day running average of X2 isfarther
than 80 km upstream of the Golden Gate Bridge, nor exceed 500 cfsif the 14-day
running average of X2 isfarther than 81 km upstream of the Golden Gate Bridge.

No Diversionsto storage will be made if the Deltaisin excess conditions and such
diversions cause the location of the 14-day running average of X2 to shift upstream (east)
such that X2is:
e East of ChippsIsland (75 river kilometers upstream of the Golden Gate Bridge)
during the months of February through May, or
e East of Collinsville (81 kilometers upstream of the Golden Gate Bridge) during
the months of January, June, July, and August, or
e During December, east of Collinsville and delta smelt are present at Contra
Costa Water District’s point of diversion under Water Right Permits 20749 and
20750.

In the period from September through March DW shall not divert water to storage when
X2 islocated upstream of Collinsville salinity gauge.
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e Inthe period from October through March, DW Project shall not divert water to storage if
the effect of DW Project diversions would cause an upstream shift in the X2 position in
excess of 2.5 km (i.e., increase the X2 by 2.5 km).

e Inthe period from April through May, DW Project shall not divert water to storage.

o |f thedeltasmelt FMWT index islessthan 239 (FMWT<239), DW shall not divert water
for storage from February 15 through June 30.

e DW Project diversions to storage shall not exceed the following percentage of the
available surplus water if FMWT Index > 239:

Month OCT-JAN FEB MAR APR MAY JUN JUL AUG- SEP
Diversion (%) 90 75 50 0O O 50 75 90

e |If FMWT < 239, DW Project diversions to storage shall not exceed the following
percentage of the available surplus water:

Month OCT-JAN FEB(1-14) FEB(15-28)-JUNE JUL AUG-SEP
Diversion (%) 90 75 NA 75 90

e DW Project diversions to storage shall not exceed a percentage of the previous day's net
Delta outflow rate (assume FMWT Index > 239 scenario):

Month OCT-DEC JAN-MAR APR MAY JUN-SEP
Diversion (%) 25 15 0 0 25

e |f FMWT<239, DW Project diversionsto storage shall not exceed a percentage of the
previous day's net Delta outflow rate:

Month OCT- DEC JAN-FEB(14) FEB(15-28) -JUN JUL-SEP
Diversion (%) 25 15 NA 25

e Inthe period from December through March, DW Project Diversions to storage shall not
exceed the percentage of the previous days San Joaquin River inflow rate.

e If FMWT Index > 239, thislimit appliesfor 15 days during the December through
March period whenever DW Project diverts water to storage.

Month DEC JAN FEB MAR
Diversion (%) 125 125 125 50

e |If FMWT Index < 239, thislimit applies for 30 days during the December through
March period whenever DW Project diverts water to storage.

Month DEC JAN  FEB(1-14) FEB(15-28) MAR
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Diversion (%) 125% 100% 50% NA NA

For the month of March diversion to DW Project shall be reduced to 550 cfsin unless
QWEST remains positive.

Reduce diversion rate to 50% of the previous day's diversion rate during the presence of
delta smelt.

In the period from November through January, when the Delta Cross Channel gates are
closed, DW Project shall limit diversionsto storage as follows:

Delta Inflow Maximum Combined Diversion Rate
<=30,000 cfs 3,000 cfs
<=50,000 cfs & >30,000 cfs 4,000 cfs

Water will be diverted onto Bacon Island and Webb Tract from June through October in
order to offset actual reservoir losses of water stored on those islands, referred to as
"topping-off" reservoirs. Topping-off diversions shall not exceed the following
maximum diversion rate (cfs) and maximum monthly quantity (taf) listed below:

Month JUN JUL AUG SEP OCT
Maximum diversion rate (cfs) 215 270 200 100 33
Maximum monthly quantity (taf) 13 16 12 6 2

The maximum topping-off diversion rates shown above shall be further limited by
diversions onto the habitat islands. The maximum topping-off diversion rate and quantity
shall be reduced by an amount equal to the habitat island diversions during the same
period.

From September through May, the reservoir islands may be flooded to shallow depths
(1ft) to create 200 acres of shallow water rearing and spawning habitat, typically 60 days
after reservoir drawdown. After shallow water flooding, water will be circulated till deep
water flooding occursin April or May.

The maximum rate of proposed diversion onto Holland Tract and Bouldin Island will be
200 cfs per idland. Diversions onto the habitat islands will not cause the combined daily
average maximum diversion rate of 9,000 cfsfor all four project islands to be exceeded.
Water will be applied in each month of the year

Discharge/Release Criteria
Releases would be made at a combined maximum daily average of 9,000 cfs. Combined
monthly average reservoir island discharge will be up to 4,000 cfs. Maximum annual

release of stored water would be 822 taf.

Maximum Annual export of stored water would be 250 taf.
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A.3

A3l

A.3.2

No discharges shall be made for export from Webb Tract from January through June.

In the period from April through June, DW shall limit discharges for export from Bacon
Island to 50% of the San Joaquin inflow measured at Vernalis.

DW shall not discharge for export any water from the habitat islands.

Reduce the discharge for export rate to 50% of previous day's diversion rate during the
presence of delta smelt.

DW Project discharge is subject to export limits, treated as an export in the monthly E/I
ratio computation except when water is discharged for environmental water account.

In the period from February through July, DW discharges for export shall be limited to
the following percentage of the available unused export capacity at the CVP and SWP
facilities:

Month FEB MAR APR MAY JUN JUL
Discharge (Bacon Island 75% 50% 50% 50% 50% 75%
Discharge (Webb Tract) NA NA NA NA NA 75%

DW shall reduce the discharge for export rate to 50% of the previous day's diversion rate
during the presence of delta smelt.

Water Quality Criteria
Salinity
Project Operations should not cause an increase in salinity or more than 10 mg/L chloride

at one or more of the urban intakes: or

Project Operations should not cause any salinity increase at the urban intakes in the Delta
exceeding 90% of an adopted salinity standard (e.g., Rock Slough chloride standard
defined in SWRCB Decision 1641Total Trihalomethanes (“TTHM”) concentrationsin-
excess of 64 ug/L at the urban intakesin the delta.

Total Organic Carbon

The project operation shall not cause or contribute to total organic carbon (TOC) concentrations
that will violate either of the following criteria:

Increase in TOC concentration at a SWP, CVP, CCWD pumping plant, or at areceiving
water treatment plant that will cause the limit of 4.0 mg/L to be exceeded;

Incremental increase in TOC concentration at a SWP, CVP, or CCWD pumping plant of
greater than 1.0 mg/L (14-day average) (SWRCB, condition 14.b.).

Note: In this study DOC was used as a surrogate for TOC.
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Appendix B — Modeling Assumptions

The assumptions for the future No-Action Base study and “with project” operational scenarios
aresummarized in Table B.1.

TableB.1: CALSIM Operational Assumptions

Study 1: No-Action . Study 3: Water Study 4: Water
Base Alternative Study 2: Water Supply Supply/EWA Supply/EWA/ERP
Period of Simulation |73 years (1922-1994) Same Same Same
HYDROLOGY
Level of Development  [2020 Level Same Same Same
(Land Use)
Demands
North of Delta (exc
American R
CVP (non-settlement)  [Land Use based, limited by |Same Same Same
Full Contract
(Settlement) Land Use based, historical |Same Same Same
SWP (FRSA) Land Use based, limited by |Same Same Same
Full Contract
Non-Project Land Use based (may adjust|Same Same Same
as aresult of conservation)
CVP Refuges Level 2 Level 4 Level 4 Level 4
American River Basin
Water rights Alt 2 formulation of AR Same Same Same
Contract Renewal EIS (may
adjust as aresult of
conservation)
CVP Alt 2 formulation of AR Same Same Same
Contract Renewal EIS (may
adjust as aresult of
conservation)
San Joaquin River
Basin
Friant Unit Regression of historical Same Same Same
Lower Basin Fixed annual demands Same Same Same
Stanslaus River Basin  |New Melones Interim Same Same Same
Operations Plant
South of Delta
CVvP Full Contract Same Same Same
(3.3 maf / yf)
CCWD 195 taf / yr Same Same Same
SWP (w/ North Bay 3.3-4.1 maf / yr (may adjust |Same Same Same
Aqueduct) for conservation, recycle,
desal)
Article21 MWDSC - up to 50 taf / Same Same Same

mon (Dec-Mar),
Others - up to 84 taf / mon

Kern Water Bank
Recharge

1 Because a new operating plan has not been determined, the interim plan is the default plan for future no-action conditions.
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Study 1: No-Action
Base Alternative

Study 2: Water Supply

Study 3: Water
Supply/EWA

Study 4: Water
Supply/EWA/ERP

Recharge for Kern
County ground water
overdraft

Not Included

Recharge rate not to exceed
1,600 cfs

Recharge rate not to exceed
1,600 cfs

Recharge rate not to exceed
1,600 cfs

FACILITIES
System-wide Existing Facilities (2001) |Same Same Same
Upper American River PCWA pumps2 Same Same Same
REGULATORY
STANDARDS
Trinity River
Minimum Flow below |Trinity EIS Preferred Same Same Same
Lewiston Dam Alternative (369-815 taf /
yr)
Trinity Reservoir End- |Trinity EIS Preferred Same Same Same
of-September Minimum [Alternative (600 taf as able)
Storage
Clear Creek
Minimum Flow below |Downstream water rights, |Same Same Same
Whiskeytown Dam 1963 USBR Proposal to
USFWS and NPS, and
USFWS discretionary use
of CVPIA 3406(b)(2)
Upper Sacramento
River
Shasta L ake End-of- Be Consistent with OCAP |Same Same Same
September assumptions on Upper
Minimum Storage Sacramento River
regulatory standards.
(SWRCB WR 1993 Winter-
run Biological Opinion
(1900 TAF))
Minimum Flow below |Be Consistent with OCAP |Same Same Same
Keswick Dam assumptions on Upper
Sacramento River
regulatory standards.
(Flowsfor SWRCB WR
90-5 and 1993 Winter-run
Biological Opinion
temperature control, and
USFWS discretionary use
of CVPIA 3406(b)(2))
Feather River
Minimum Flow below [1983 DWR, DFG Same Same Same
Thermalito Diversion  |Agreement (600 CFS)
Dam
Minimum Flow below [1983 DWR, DFG Same Same Same
Thermalito Afterbay | Agreement (1000 — 1700
outlet CFS)
Yuba River
Minimum Flow SWRCB D-1644 Same Same Same
American River
Minimum Flow below |Be Consistent with OCAP |Same Same Same

Nimbus Dam

assumptions on American
River regulatory standards.

2 The Placer County Water Agency facility is just about to begin construction — pumps in American River upstream of Folsom
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Study 1: No-Action ) Study 3: Water Study 4: Water
BaseAlternative | Udy 2 Water Supply | g o e Supply/EWA/ERP
(SWRCB D-893 (see
accompanying Operations
Criteria), and USFWS
discretionary use of CVPIA
3406(b)(2)
Minimum Flow at H Be Consistent with OCAP |Same Same Same
Street Bridge assumptions on American
River regulatory standards.
(SWRCB D-893)
L ower Sacramento
River
Minimum Flow near SWRCB D-1641 Same Same Same
Rio Vista
Mokelumne River
Minimum Flow below |FERC 2916-029, 1996 Same Same Same
Camanche Dam (Joint Settlement
Agreement) (100 — 325
CFS)
Minimum Flow below |FERC 2916-029, 1996 Same Same Same
Woodbridge Diversion |(Joint Settlement
Dam Agreement) (25— 300 CFS)
Stanislaus River
Minimum Flow below |1987 USBR, DFG Same Same Same
Goodwin Dam agreement, and USFWS
discretionary use of CVPIA
3406(b)(2)
Minimum Dissolved SWRCB D-1422 Same Same Same
Oxygen
Merced River
Minimum Flow below |Davis-Grunsky Same Same Same
Crocker-Huffman (180 — 220 CFS, Nov —
Diversion Dam Mar), and
Cowell Agreement
Minimum Flow at FERC 2179 (25 — 100 CFS) |Same Same Same
Shaffer Bridge
Tuolumne River
Minimum Flow at FERC 2299-024, 1995 Same Same Same
Lagrange Bridge (Settlement Agreement)
(94-301 TAF/YR)
San Joaquin River
Maximum Salinity near | SWRCB D-1641 Same Same Same
Vernais
Minimum Flow near |SWRCB D-1641, and Same Same Same
Vernadis Vernalis Adaptive
Management Program per
San Joaquin River
Agreement
Sacrameto River-San
Joaquin River Delta
Delta Outflow Index SWRCB D-1641 Same Same Same
(Flow and Salinity)
Delta Cross Channel SWRCB D-1641 Same Same Same
Gate Operation
Delta Exports SWRCB D-1641 Same Same Same
OPERATIONS
CRITERIA
Subsystem
Upper Sacramento
River
66
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Study 1: No-Action . Study 3: Water Study 4: Water
BaseAlternative | Udy 2 Water Supply | g o e Supply/EWA/ERP
Flow Objective for Discretionary 3,500 — 5,000 |Same Same Same
Navigation (Wilkins  |CFS based on Lake Shasta
Slough) storage condition
American River
Folsom Dam Flood SAFCA, Operation of Same Same Same
Control Folsom Dam, Variable
400/670
(with outlet modifications)
Flow below Nimbus |Discretionary operations  |Same Same Same
Dam criteria corresponding to
SWRCB D-893 required
minimum flow
Sacramento Water Sacramento Water Forum |Same Same Same
Forum Mitigation (upto 47 TAF/YRindry
Water years) — (the Wedge)
Stanislaus River
Flow below Goodwin 1997 New Melones Interim |Same Same Same
Dam Operations Plan
System-wide
CVP Water Allocation
CVP Settlement and 100% (75% in Shasta Same Same Same
Exchange Critical years)
CVP Refuges 100% (75% in Shasta Same Same Same
Critical years)
CVP Agriculture 100% - 0% based on supply |Same Same Same
CVP Municipa & 100% - 50% based on Same Same Same
Industrial supply
SWP Water Allocation
North of Delta (FRSA) |Contract specific Same Same Same
South of Delta Based on supply; Equal Same Same Same
(including North Bay  |prioritization between Ag
Aqueduct) and M&l
Delta Pumping
Banks pumping 8,500 cfs Oct-Mar 15, Same Same Same
6,680 cfs Mar 15-Jun 30, (500 cfs reserved for EWA |(500 cfs reserved for EWA
8,000 cfsJul, Aug & Sept. in Jul, Aug and Sept.) in Jul, Aug and Sept.)
Tracy pumping 4,600 cfs (minimum of 800 |Same Same Same
cfs)

Joint Point of Diversion |Included Same Excess Banks capacity Excess Banks capacity
shared 50/50 between CVP |shared 50/50 between CVP
and EWA (ExcessBanks |and EWA (Excess Banks
capacity; reserved for capacity; reserved for EWA)
EWA)

CVP/SWP Coordinated

Operations
Sharing of Coordinated Operations Same Same Same
Responsibility for In-  |Agreement
Basin-Use
Sharing of Surplus Coordinated Operations Same Same Same
Flows Agreement
Sharing of Restricted  |Equal sharing of export Same Same Same

Export Capacity

capacity under SWRCB D-
1641

SWRCB Decision 1643
Requirements
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Study 1: No-Action
Base Alternative

Study 2: Water Supply

Study 3: Water
Supply/EWA

Study 4: Water
Supply/EWA/ERP

Diversion and Release  |Not included Included. See Section Included. See Section Included. See Section
Criteriafor storage on 2281 2281 2281
Webb Tract and Bacon
Island
CALFED
Environmental Water
Account
Actions and Assets Not included Not included Included (EWA Delta Included (EWA Delta
actions and assets not actions and assets not
model ed) model ed)
CALFED Ecosystem
Restoration Program
DeltaERP Flows Not included Not included Not included Delta ERP flows of

20,000cfs, 30,000cfs and
40,000cfs will be met from
In-delta storage for 10 days
in March, April/May.
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Appendix C — Study Specifications

Study 1. No-Action Base

1 2020 hydrology and LOD

2. based on D1641 Benchmark study (all rules remain the same except for the
following)

3. Fisheries Revised Banks permitted capacity (8500 cfs 010ct — 15Mar; 6680 cfs
16Mar — 30Jun; 8000 cfs 01Jul — 30Sep)

4, Joint point of diversion wheeling for the CVP through Banks.

5 No export index constraint on CVP alocations.

Study 2: Water Supply
1. Specifications of Study 1 plus...

2. Incorporated IDS diversions and discharges into SWP and CV P operations according
to the Coordinated Operation Agreement.
3. IDS diversion and discharge was limited by all requirements specified in D1643

except those pertaining to DOC, salinity, temperature, and dissolved oxygen.

4, Assumed FMWT Index > 239 for purposes of implementation of D1643.

5. IDS diversion was not bound by the maximum export to inflow (El) ratio specified in
the WQCP.

6. Assumed island discharge has salinity water quality benefit such that discharge for
export was allowed to exceed ANN constraints.

7. Island diversions were subject to salinity constraints specified in the Water Quality
Control Plan and implemented in the model with ANN.

8. IDS storage was alocated to meet SWP demands on the first of the month from
January to May.

0. Any IDS storage that the SWP determined it had demand for could then be released
for SWP export or SWP in-basin use obligations as accounted for under COA.

10.  Any IDS storage that the SWP did not have a demand for on May 1 was allocated to
meet CV P demands.

11.  Any IDS storage that the CVP determined it had demand for could then be released
for CVP export or CVP in-basin use obligations as accounted for under COA.

12.  Anyremaining IDS storage that the CVP did not have demand for on May 1 was
made available to two supplemental demands that were not applied in the base. The
demands were south of Delta Level 4 refuge demand (L4) and Kern County
groundwater recharge demand (KC).

13. L4 was calculated as the difference between Level 4 demand and Level 2 demand.
Level 2 demand was already included in the base and project studies. The monthly
L4in TAF was:

May Jun July Aug Sep Oct Nov Dec
19 15 13 15 7 9 4 3

14. KC rate of delivery could not exceed 1600 cfs and monthly demand capped delivery
asfollowsin TAF:
May Jun July Aug Sep Oct Nov Dec
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15. IDS water was delivered to L4 and KC only when export capacity was available. All
other demands took precedence over the supplemental demands.

16. Delivery for L4 was given priority over KC. After L4 used the export capacity it
needed, KC could use remaining capacity.

17.  Supplemental demands were not met when surplus water was available in the Delta.
The reason for this was that the base would have been able to meet this demand also
without any impact to storage.

18.  Any water remaining in IDS at the end of December reverted back to SWP control on
January 1 for the start of its yearly delivery alocations.

Study 3: Water Supply and EWA

1. Specifications of Study 2 plus...

2. Unlimited EWA demand for IDS water from May to December. The only limitson
delivery of IDS water to SOD EWA demand was volume of water available, island
discharge capacity, and export capacity.

3. Any water that was not needed by the SWP and CVP as of May 1 could be purchased
for L4, KC, or EWA.

4, EWA delivery was given lowest priority. L4 and KC demand were met first and
remaining capacity was used for EWA.

5. From July to September, Banks permitted capacity was increased from 8000 cfs to
8500 cfs with the extra 500 cfs dedicated solely to the export of EWA water.

6. L4, KC, and EWA water was not discharged for export when the Deltawas in surplus
for the same reason provided for Study 2.

Study 4: Water Supply and EWA and Environmental Restoration Program (ERP)

1. Specifications of Study 3 plus...
2. Demand for Delta outflow releases as specified by ERP targets for given Sacramento
River year types:

Critical Dry BN AN Wet
Ocfs 20,000 cfs 30,000 cfs 40,000 cfs Ocfs

3. When Delta outflow was below the target for the given year type, IDS releases could
be made to bring Delta outflow up to that target. ERP releases from IDS were limited
to 10 daysin March and 10 daysin April and May combined.

4. In March and April, any water the SWP did not have a demand for in the March 1 and
April 1 allocations could be used for ERP releases.

5. ERP releases had lower priority than SWP releasesin March and April. Island
discharge capacity was used first for SWP releases. Remaining discharge capacity
could be used to for ERP releases.

6. Any water that the SWP and CVP did not have demand for on May 1 could be used
by L4, KC, EWA, or ERP.
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Study 4b:

poODNPE

o o

Study 4c:

In May, ERP had lowest priority for use of island discharge capacity. Discharge was
first made for L4, KC, and EWA when possible and remaining discharge capacity
could be used for an ERP release when there was demand.

Since surplus Delta outflow was a demand in March (ERP), no diversionsto island
storage, which reduced Delta outflow, were allowed at thistime. Diversionsin April
and May were precluded by D1643.

Initial Project Conditionsw/ DOC Constraints Applied

Specifications of Study 4 plus...

Add D1643 DOC constraints as follows...

Island discharge was ceased if the 14 day average DOC concentration at Tracy,
Banks, or Contra Costa exceeded the 1 mg/L allowed increase from the base level 14
day average DOC concentration. Discharge operations could resume once the 14 day
average DOC concentration was reduced to within the allowed difference.

If the base level 14 day average DOC concentration was between 3 and 4 mg/L at
Tracy, Banks, or Contra Costa, island discharge was ceased if the 14 day average
DOC concentration at that export location exceeded 4 mg/L. Discharge operations
could resume once the 14 day average DOC concentration was at or below the 4
mg/L standard.

DOC Dilution through Circulation

Specifications of Study 4aplus...

DOC concentration of island storage diluted through circulation.

Maximum circulation rate of 500 cfs per island allowed.

Circulation only occurred when DOC concentrations in the channel adjacent to
intakes was lower than the DOC concentrations of island storage.

Circulation only occurred when diversion and discharge capacity were available.
In circulation operation, diversion equaled discharge and had no net impact on the
Deltawater balance.

In circulation, the DOC concentration of the discharge was assumed to be the island
storage DOC concentration at the beginning of the day.

DOC discharge from circulation was subject to the constraints on export DOC
concentrations set in Study 4a. Circulation was ceased if standards were exceeded

Fish and Aquatic Habitat Protections during Drought and Extreme Conditions

(FMWT < 239)

1.
2.

Study 4d:
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Specifications of Study 4 but...

Assumed FMWT < 239. This had the following implications under D1643...

a. Nodiversionsto island storage were allowed from February 15 to June 30.

b. The San Joaquin River diversion limit was applied for 30 days December to
March rather than 15.

c. The percent of San Joaquin River Deltainflow that could be diverted was reduced
from 125% to 50% in February.

Climate Change I mpact
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Study 4e:

1.
8.
9

10.

Specifications of Study 4 but...

Inflows of the 2020 hydrology were shifted in time to reflect greater rainfall runoff
during the winter and less snowmelt during the spring and summer. This new
hydrology was run for both a base and this project study for purposes of comparison.

Coordination with L os Vaquer os Expanded Reservoir

Specifications of Study 4 with...

Los Vagueros Reservoir with 500 TAF capacity.

Demand of 155 TAF per year on Los Vaqueros included evaporation and other |osses.
Demand is uniformly spread throughout each year.

Diversion capacity to Los Vagueros was 1750 cfs.

LV diversions were subject to all D1641 operational constraints except, as with island
diversions, it was assumed that LV diversions were not subject to the El ratio.
Salinity constraints of the Water Quality Control plan wereimposed on LV and IDS
diversions through ANN.

LV diversions, unlike the IDS, were not subject to D1643 except...

Nodiversionto LV alowed in April and May, and...

Diversiontoislandsand LV could not exceed percentage of available surplus water
as specified in D1643.

Priority was given to IDS diversion of surplus water availableto both IDSand LV.

Study 4f: Impact of D1643 on In-Delta Storage Oper ations

1.

2.
3.
4
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Specifications of Study 4 but...

Removed all D1643 operational constraints except...

Did not allow diversionsin April and May , and ...

Islands could only divert a percentage of available surplus water as specified in
D1643 (90% Aug-Jan; 50% Mar and Jun; 75% Feb and Jul; 0% Apr and May).
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